Several studies indicate that man is simultaneously exposed to a mixture of toxic elements and is liable to suffer from the possible health hazards due to their interaction in the biological system.1) Recent investigations from our laboratory have shown significant alterations in the behavioral and neurochemical profile of rats coexposed to manganese (Mn) and lead (Pb).2) The blood Mn levels were found to be increased with increasing blood Pb in exposed children and occupational workers suggesting a close relationship between Mn and Pb metabolism.3) There is a possibility that the two metal ions may compete for common binding sites for transport and uptake by the tissues. The present studies were, therefore, conducted to investigate the effect of Mn and Pb interaction on their binding with rat serum, liver and brain proteins. These studies may provide a clue to the understanding of the mechanism by which concurrent exposure to Pb and Mn may alter their biological response in comparison with that observed of ter exposure to either metal alone.
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MATERIALS AND METHODS

Chemicals
Carrier free 54MnCl2 was obtained from Bhabha Atomic Research Centre, Bombay, India; known molecular weight protein marker (Marker Kit Combithek 104 558 calibration proteins 11 for chromatography) were obtained from
Boehringer; Sephadex G-150 was obtained from Pharmacia fine chemicals Uppsala, Sweden; Tris-(hydroxymethyl) -aminomethane, TEMED, ammonium per sulphate, acrylamide and bis-acrylamide were obtained from Sigma Chemical Co., USA; analytical grade lead acetate was purchased from BDH, Bombay, India.
Estimation of 54Mn and Pb
An LKB Ultra Gamma model 1290 was used for counting 54Mn with 60% counting efficiency. Pb estimation was done according to the procedure described by Berman,4) using Perkin Elmer model 5000 atomic absorption spectrophotometer. The column was calibrated with Ferritin (mol. wt. 450,000), catalase (240,000), aldolase (158,000), bovine albumin (68,000), ovalbumin (45,000), chymotrypsin (25,000) and cytochrome C (12,500). All the proteins were detected by their UV absorbance at 280 nm. The void and bed volumes were determined with blue dextran and potassium dichromate, respectively.
Isolation of Protein
The flow rate was fixed at 20 ml/hr.
As in the first set of experiments the presence of Pb caused precipitation of same protein during dialysis, the dialysate was centrifuged for 30 min at 10,000 g. 100 mg of dialysed protein was incubated with 0.001 M lead acetate in total volume of 10 ml in a dialysis bag. Equilibrium dialysis was performed for 28 hr against 1000 ml of distilled water with one change of water at 24 hr. Aliquots of the medium outside bag distilled water (1.0 m/) was taken out at different time intervals for estimation of Pb. Polyacrylamide gel-electrophoresis of metal containing proteins PAGE of concentrated Pb and 54Mn bound protein fractions was performed in 7.5 % (w/v ) polyacrylamide gels according to the method of Davis.9) In the second set of experiments the gels were cut of 0.4 cm thick sections, subsequently numbered and were counted for 54Mn. Pb estimation was not possible due to extremely low content of the metal. Equilibrium dialysis of brain, liver and serum protein interacted with Pb
The dialysis patterns of brain, liver and serum protein with Pb were almost identical and showed initially a rapid increase in the metal content outside the dialysis bag, slowing down during later periods of the experiment (Fig. 1) . Thus, a rectangular hyperbola was observed after 24 hr dialysis. Continued dialysis for 4 hr showed only negligible amount of Pb diffusing cut. Most of the residua', non-diffusible Pb appeared to be bound firmly to protein, since it was co-precipitated with the latter by TCA. The Pb in the TCA supernatant is about 20% of the total protein (Table 1 ). The brain, liver and serum protein had more or less the same affinity to bind Pb ( Table 2 ) . The apparent loss of approximately 10% of the total Pb could be due to the loss in TCA supernatant-washings and incomplete transfer from the dialysis bag since exhaustive rinsing was avoided to reduce dilution.
Equilibrium dialysis of brain, liver and serum protein interacted with 54Mn Pb
The dialysis patterns of brain, liver and serum proteins interacted with 54Mn + Pb showed almost identical hyperbolic curves after 24 hr dialysis with those described for Pb alone (Fig. 2) . The change of water outside the dialysis bag and continued dialysis showed only negligible amount of 54Mn and Pb outside the bag. Pb BINDING  WITH  TISSUE  PROTEINS  215 fractions, eluted from sephadex G-150 column, indicating only one protein component for brain, liver and serum (Fig. 5 a, b, c) . Due to extremely small amount of Pb present in the electrophorograms, it was not possible to estimate i s content in gel slices.
Polyacrylamide gel electrophoresis of brain, liver and serum protein interacted with 54Mn+Pb
The PAGE of pooled and concentrated overlapping protein peaks for 54Mn+Pb for brain, liver and serum showed two distinct bands, one corresponding to 54Mn binding protein and the other to Pb binding protein (Fig. 6) . The pattern was identical in all the three media. The radioactivity measurement in the slices of electrophorogram of brain, liver and serum proteins showed that 54Mn is getting bound to its respecive protein only (Fig. 7) . However, it was not clear from the The data in Table 2 shows that the amount of bound 54Mn is only about 1% that of bound Pb . This could be due to the Pb binding also to SH groups as well as the lower atomic weight of manganese.
As expressed in Table 5 proteins in brain and liver tissues, however, it has been found to bind with the membrane as well as intracellular components of erythrocytes11) : In plasma, Pb is present in two fractions, a diffusible metabolically active fraction and a complex protein bound fraction.12) Protein bound fraction was mainly associated with plasma albumin and only a trace fraction was associated with high molecular weight globulin11) : Pb binding with a low molecular weight proteins in the serum, in the present studies, suggests the presence of multiple binding sites in the blood.
The UV absorption spectra of Pb binding protein in three tissues showed characteristic protein absorption spectra with peak at 280 nm. This along with the homogenicity with Folin-Ciocalteu's reagent clearly indicated that Pb binding protein was distinct from metallothionein reported for cadmium and mercury. Studies on the effect of combination of 54Mn + Pb on their binding with tissue protein showed increased metal binding after equilibrium dialysis compared to that observed after dialysis with either metal alone. 54Mn content of the binding protein have been reported earlier.
10) The Pb binding in presence of 54Mn was found to increase by 66, 75 and 45 per cent in brain, liver and serum, respectively. However, the presence of Pb could significantly increase the binding of 54Mn in liver only. The increase in molecular weight of Pb binding protein due to increased binding may be a possible reason for overlapping of 54Mn + Pb binding protein peaks observed in chromatographs of brain, liver and serum. Since it was not possible to detect extremely small amount of Pb in the slices of electrophorogram, it can not be explained whether the increased Pb binding was due to the increased binding to its respective protein and/or 54Mn binding protein.
Interaction of 54Mn with Pb prevents precipitation of protein as observed with Pb alone which could be due to its denaturation.
The presence of two separate bands, one corresponding to 54Mn binding protein and the other to Pb binding
